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目的：使用海藻酸（Kainic acid ,KA）诱导 C57BL/6 小鼠产生癫痫样发作
以模拟人类颞叶癫痫的发作状态，通过基因芯片方法筛选出异常表达的长链非编
码 RNA（lncRNA）。选择并探讨其中一个 lincRNA-AK035610及其靶基因 INHBA在
癫痫发病中的参与及调控机制，从而为癫痫的诊断和药物研发提供新的思路及生
物学靶点。 
方法：使用 6-8 周 C57BL/6雄性小鼠，通过腹腔注射海藻酸构建癫痫发作小
鼠模型，分离癫痫发作小鼠和对照小鼠的海马，提取 RNA后使用长链非编码 RNA
基因芯片进行分析，对癫痫小鼠中发生异常表达的 lncRNA，特别是位于基因之





相应的异常脑电。基因芯片分析筛选出 13 条异常表达的 lincRNA，通过实时荧
光定量 PCR验证 lincRNA-AK035610及 lincRNA-AK015830具有明显异常表达。选
取 lincRNA-AK035610 为主要研究对象进一步开展研究。生物信息学分析显示
AK035610 位于 INHBA 基因下游。我们研究结果发现：1.在癫痫发作小鼠模型海
马组织中 lincRNA-AK035610 及 Inhba 表达均明显上调，在小鼠皮层组织中，
lincRNA-AK035610也有明显上升趋势，但是未观察到明显统计学差异，而 INHBA
基因在小鼠皮层组织中也呈明显升高。2.在人群中 lincRNA-AK035610 的同源位
点被认为是 INHBA基因的 splicing variant 1 的 3’UTR的一部分。 
但是在对照组病人中 lincRNA-AK035610 同源位点的表达和 INHBA CDS 的表
达之间没有明显相关性，而在癫痫组病人的脑组织中具有很好的相关性，提示癫
痫病人中 INHBA的表达以 splicing variant 1 为主要形式；3.lincRNA-AK035610
在神经元细胞的亚细胞定位在细胞核内；4.重组 INHBA蛋白可以抑制海藻酸诱导
的凋亡，并且可以抑制 NMDA受体的 NR2B亚基的表达，从而对神经元起到保护作


















结 论 ： 在 小 鼠 癫 痫 发 作 模 型 中 及 颞 叶 癫 痫 患 者 手 术 标 本 中 ，







































Objective: In order to establish an animal model of human temporal lobe epilepsy, 
C57BL / 6 mice were induced into epilepticus seizures by kainic acid. To explore the 
dynamic changes of regulatory networks and functional pathways of lncRNA in the 
pathogenesis of epilepsy, and provide new evidence for the diagnosis of epilepsy and 
new targets for anti-epileptic drug development. 
Methods: C57BL / 6 male mice (6-8 weeks) were used as the main tools. The 
epilepticus seizures mice model was established by intraperitoneal injection of kainic 
acid. The long non-coding RNA gene microarray was used to detect the abnormalities 
in the hippocampus of seizures. The expression of lincRNA-AK035610 was 
comfirmed by real-time quantitative PCR. And the nearby gene Inhba of 
lincRNA-AK035610 was predicted by bioinformatics to verify. The expression of 
lincRNA-AK035610 and INHBA was verified by real-time quantitative PCR and 
immunoblotting in the temporal lobe brain tissue of TLE patients. INHBA 
recombinant protein is injected into the lateral ventricles of mice induced by KA 
mouse behavior and EEG changes were observed. 
Results: 1. kainic acid can induce epilepticus seizures in mice, and the 
corresponding abnormal EEG can be detected simultaneously. LincRNA-AK035610 
and lincRNA-AK015830 had abnormal expression in the epilepticus seizures mice 
model, and we selected lincRNA-AK035610 as the main research object for the 
following study; 2. The expression of lincRNA-AK035610 and Inhba in hippocampus 
of KA-induced mouse model were significantly up-regulated, and increase in cortical 
tissues, but no significant statistical difference was observed. The Inhba gene is 
significantly increased in the hippocampus and cortex tissues of modle mice. The 
expression of splicing variant 1 and INHBA was similar to the mouse model of 
epilepsy, but there was no significant correlation between INHBA splicing variant 1 
3’UTR and INHBA in the control group Epilepsy patients have a good correlation in 
the brain tissue; 3.The subcellular localization of lincRNA-AK035610 in neuronal 

















KA-induced apoptosis ; 5. Supplement of INHBA alleviates KA-induced seizure to 
reduce the abnormal EEG level change and prolong the latency time of seizures 
induced by KA. 
Conclusion: lincRNA-AK035610 (splicing variant 1) and INHBA were 
significantly increased in the mouse model of seizure and temporal lobe epilepsy 
patients. And only in the TLE patients brain specimens have significant correlation. It 
can be used as a biomarker of epilepsy diagnosis, and try to design target drugs for 
epilepsy treatment. 
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英文缩写               英文全称              中文全称 
KA                   Kainic acid               海藻酸 
lncRNA         long non-coding RNA       长链非编码 RNA        
mRNA     Messenger ribonucleic acid            信使 RNA 
INHBA         Activin Beta-A Chain            激活素 A 
INHBB              Inhibin, Beta B            抑制素 B 
NMDA      N-Methyl-D-Aspartic Acid N-甲基-D-天门冬氨酸 
TGF         transforming growth factor        转化生长因子 
FISH              hybridization in situ            原位杂交 
EP                    Epilepsy                  癫痫 
MIE       Medically intractable epilepsy      药物难治性癫痫 
LTP             Long-term potentiation          长时程增强 
EEG         Electroencephalogram            脑电图 
TLE            Temporal lobe epilepsy           颞叶癫痫 
WB               Western Blot              免疫印迹实验 
MFS              Mossy fiber sprout          苔藓纤维出芽 
DAB              Diaminobenzidine         二氨基联苯胺 
DEPC          Diethyl pyrocarbonate          焦炭酸二乙酯 
mg                    Milligram                毫克 
















min                    Minutes                 分钟 
ml                     Milliliter                毫升 
μl                     Microlitre               微升                          
h                       hour                   小时 
kg                     Kilogram                千克 





























































1.2长链非编码 RNA 的概述 

























多种 lncRNA 已经被证实参与各种神经生长发育等过程[20, 21]。然而，随着研究的
进展，发现这些核苷酸序列尽管不能编码蛋白质，但是在基因转录、翻译以及蛋
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